IN THE PATIENT with mitral stenosis, at rest, the interval from closure of the aortic valve to the opening snap of the mitral valve (A2-OS) is related to the level of the left atrial pressure; the A2-OS interval narrows as the left atrial pressure increases. 1-3 A decrease in the A2-OS interval during exercise also occurs and has been attributed to a rise in the left atrial pressure during the exercise state." 2, 4, 5 This study was undertaken to determine the usefulness of the A2-OS interval response to exercise in the evaluation of patients with mitral stenosis.
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Methods
Seventeen patients with mitral stenosis were studied. Thirteen were in regular sinus rhythm, and four were in atrial fibrillation. All patients had insignificant or absent mitral or aortic regurgitation and no associated aortic stenosis, as determined by accepted clinical criteria and cardiac catheterization data.
Cardiac catheterization was performed in the postabsorptive state. Left atrial pressures were obtained with pulnonary altery wedge pressures during standard right heart catheterization6 or by direct left atrial pressure recordings with the Ross technique.7 Brachial arterial pulse tracings were obtained through a Cournand needle. In 10 patients, direct left ventricular pressures were recorded with the Seldinger technique.8 Phonocardiograms were recorded at end expiration from the fourth left intercostal space near the left sternal border. Left atrial pressure, left ventricular pressure, brachial arterial pressure, A2-OS (rest) -A2-OS (exercise) A2-OS (rest) phonocardiogram, cardiac output, arteriovenous difference and oxygen consumption were obtained at rest and during supine bicycle or legraising exercise. The increment in oxygen consumption determined the degree of exercise.
All pressures were recorded through Statham strain gauges. Phonocardiograms were obtained with an A161 microphone* at a frequency range of 40 to 200 cps, with a lead II electrocardiogram, and indirect carotid arterial tracing for reference timing. Pressures were recorded at a paper speed of 25 mm/sec and phonocardiograms at a paper speed of 100 mm/sec, on a multichannel oscilloscopic photographic recorder.* Cardiac output was measured by the Fick principle or by the indicator dilution technique of Hamilton and associates,9 using indocyaninegreen dye and a Colson densitometer. Expired air was collected in a Tissot spirometer and analyzed by the method of Scholander.10 Arterial and venous oxygen saturations were determined by the method of Van Slyke and Neill." The mitral valve area was calculated by the formula of Gorlin and Gorlin in the 10 patients with direct left ventricular pressures .12 In patients with regular sinus rhythm, the average of six consecutive A2-OS intervals was determined at rest and during exercise. In patients with atrial fibrillation, the A2-OS intervals at rest and during exercise were plotted against the preceding R-R intervals. The A2-OS intervals at rest and during exercise with a preceding R-R interval of 0.8 second were then derived from the graphs by the method of Wells.13 A2-OS intervals were estimated to 0.001 second, with a presumed accuracy of 0.003 second.
Percentage changes in the A2-OS interval (A&A2-OS) and the left atrial mean pressure (ALAP) from rest to exercise were computed as:
X 100, and LAP (exercise) -LAP (rest) X 100.
LAP (rest)
From The degree of mitral stenosis was defined as: mild (valve area greater than 1.5 cm2), moderate (1.0 to 1.5 cm2) and severe (less than 1.0 cm2) . Left atrial mean pressures were defined as: normal (12 mm Hg or less), moderate elevation (13 to 22 mm Hg), and marked elevation (23 mm Hg or more). Results
The data obtained from the 17 patients are presented in table 1 and figures 1 to 3. A representative phonocardiogram recording is shown in figure 4 .
Exercise AZ-OS Interval and Exercise Left Atrial
Mean Pressure ( Fig. 1) With an exercise A2-OS interval of 0.08 second or greater, left atrial mean pressure was normal (9 to 12 mm Hg). With an exercise A2-OS interval of less than 0.06 second, left atrial mean pressure was markedly elevated (25 to 36 mm Hg). When the exercise A2-OS interval was 0.06 to 0.08 second, there was an overlap of mean pressure value (12 to 25 mm Hg). The A2-OS interval plotted against the left atrial (LA) mean pressure during exercise. With an A2-OS interval of 0.08 second or greater, the LA mean pressure is normal (9 to 12 mm Hg). With an A2-OS interval of less than 0.06 second, the LA mean pressure is markedly elevated (25 to 36 mm Hg).
AA2-OS Interval and A Left Atrial Mean
Pressure from Rest to Exercise (Fig. 2) A linear relationship was present between the percentage decrease of the A2-OS interval and the percentage increase of the left atrial mean pressure from rest to exercise. A decrease of the A2-OS interval of less than 20% was always accompanied by an increase of the left atrial mean pressure of less than 35%. A decrease of the A2-OS interval of more than 30% was always accompanied by an increase of the left atrial mean pressure of 40% or more.
Exercise A2-OS Interval and Mitral Valve Area (Fig. 3) An exercise A2-OS interval of 0.07 second or more occurred only in patients with a mitral valve area greater than 1.5 cm2. An exercise A2-OS interval of less than 0.06 second only occurred in patients with a mitral valve area of 1.5 cm2 or less.
Discussion
Julian and Davies' and Pinardi and Strom3 recorded a narrowing of the A2-OS interval with a rise of the pulmonary artery wedge pressure during exercise. The present study confirms these observations and establishes a Circulation, Volume XXXIII, March 1966 direct correlation between the A2-OS interval response to exercise and the left atrial mean pressure response to exercise. There was a linear relationship between the percentage decrease of the A2-OS interval and the percentage increase of the left atrial mean pressure from rest to exercise. The duration of the A2-OS interval was an effective indicator of the level of the left atrial mean pressure during the exercise state.
The present study also corroborates previous reports that the A2-OS interval response to exercise may be used to evaluate the degree of mitral stenosis.2 4 In the 10 patients with calculated mitral valve areas, the duration of the A2-OS interval during exercise separated patients with mild stenosis from those with moderate or severe stenosis but could not distinguish moderate stenosis from severe stenosis. Some overlapping of mitral valve areas can be expected to occur, since the A2-OS interval and the left atrial pressure are not a direct index of the mitral valve size.' The left atrial pressure at rest and during exercise is determined by the interrelationship of the mitral valve area, the size The A2-OS interval during exercise plotted against the mitral valve area. An A2-OS interval of 0.07 second or greater only occurs with a mitral valve area of more than 1.5 cm2. An A2-OS interval of less than 0.06 second only occurs with a mitral valve area of 1.5 cm2 or less. The A2-OS interval during exercise separates mild stenosis from moderate or severe stenosis. and distensibility of the left atrium, the cardiac output, the diastolic filling time and the left ventricular diastolic pressure." [14] [15] [16] Variations in the left atrial pressure and A2-OS interval response to exercise are secondary to individual differences in all of these factors. Since the mitral valve area is only one of the determinants of the left atrial pressure and the A2-OS interval, patients with different degrees of mitral stenosis may have the same or similar A2-OS intervals during the exercise state. Summary Cardiac catheterization and phonocardiography data were obtained from patients with mitral stenosis at rest and during exercise. There was a linear relationship between the percentage decrease of the interval from closure of the aortic valve to the mitral valve opening snap (A2-OS) and the percentage in- Circulation, Volume XXXIII, March 1966 crease of the left atrial mean pressure from rest to exercise. The duration of the A2-OS interval was an effective indicator of the level of the left atrial mean pressure during exercise. The duration of the A2-OS interval during exercise allowed separation of patients with mild stenosis from those with moderate or severe stenosis but could not be used to distinguish moderate stenosis from severe stenosis.
Addendum
Since the submission of this manuscript, Oriol and associates17 reported a close correlation between the A2-OS interval and the height of the v wave of the pulmonary capillary wedge tracing at rest.
